Abstract-A scheme for the proactive allocation of network resources to mobile users, based on a pricing framework, is proposed. The obj ective is the reduction of service discontinuation events attributed to handovers in the cellular infrastructure. The future base station, where network resources have to be reserved proactively, is determined by means of a path prediction algorithm. The network receives a fee for providing the advance reservation service to the user. The exact price is determined after a sequential bargaining procedure, modeled as a two-person non-cooperative game between the mobile user and the network. The efficiency of the proposed scheme is evaluated through simulations.
INTRODUCTION
The occurrence of handovers in cellular mobile networks is a very important issue and the main research drive for the design of resource management algorithms. A session (call) may have to be terminated when the mobile terminal (MT) is handed over to a new base station (BS), which does not have adequate resources to support the quality of service (QoS) requirements of the particular session. This event is referred to as handover blocking, and is very annoying for the user [2] .
The handover blocking probability may be reduced through the use of proactive resource reservation in the neighborhood of the present cell of a MT [6] . After the occurrence of the handover, the MT does not compete for a share of the finite resources but enjoys a pre-arranged configuration. Network resources that could be managed through such schemes include (but are not limited to) bandwidth, MAC frames/slots, files, and packets [1] .
The scheme introduced in this paper is based on a pricing model for the proactive resource reservation. A user agent residing in the MT negotiates with the network, in order to prereserve an amount of resources in the most likely to be visited cell. The network is paid for this premium service, so as to compensate for keeping these resources unused. The price that the user pays is determined after a bargaining process that is modeled as a two-person non-cooperative game.
The rest of the paper is organized as follows. We discuss related prior work, in Section II. In Section III, we discuss how the considered commodity (i.e., bandwidth) is valuated by the mobile user and the network. Section IV is devoted to the algorithms used for the management of network resources. Section V provides simulation results, while Section VI our conclusions.
II. PRIOR RELATED WORK
In [3] , a simple adaptive call admission control (CAC) algorithm, which takes advantage of guard channels, has been introduced. Other adaptive reservation and admission control schemes based on guard resources are studied in [4] , and [5] . In [6] , time is partitioned into equal intervals, and the probability of each MT being in any cell within the shadow cluster (set of BSs to which a MT will probably attach in the near future) for future time intervals is estimated. The BSs exchange information on the predicted bandwidth demands for future time intervals in order to determine the feasibility of admitting new call requests. In [9] , an advance reservation is kept valid for a limited period of time starting at the Earliest Arrival Time and ending at the Latest Arrival Time for a specific cell-user combination. The two times are calculated geometrically over the cellular network topology. There are also simpler schemes assuming a fixed amount of guard bandwidth as in [7] , which, however, are inefficient under non-stationary traffic conditions. From the above, it is evident that the management of guard resources has attracted significant research efforts. However, to the best of our knowledge, this problem has not been studied yet using concepts from game theory and pricing.
III. MT AND BS RESOURCE VALUATION
In this paper, we propose a proactive resource management scheme for the reduction of handover blocking events in mobile networks. The resources of the BS are used for both active sessions, and sessions anticipated from neighboring cells. The BS receives a fee for providing the advance reservation service to the MT, in order to compensate for keeping those resources unused. The exact price is determined by means of a bargaining process (described in Section IV), which takes into account the resource valuations of both the BS and the MT.
In this section, we discuss how the MTs and the BSs valuate the network resources for the considered advance reservations. Let pi ($/(Kb/s)) be the unit price agreed between the MT and the BS for session i (for details on the derivation of Pi see Section IV). The utility function of the MT and the BS is given in (1) and (2) , respectively.
UMT =BenefitMTl Pi (1) UBS =Pi -CostBS (2) In (1), BenefitMTj denotes the valuation of the MT for one unit of bandwidth. Such valuation depends upon two factors (see (3) ): a user-specific weight, f E [0,1], denoting the criticality of the application session (which can derive from a user profile), and the observed duration of the session until present time, di. We assume that a session that has lasted for long will persist in the future, in which case the corresponding bandwidth is considered as of great importance. This assumption is usually adopted in the engineering of WWW caches [11] . BenefitMTi = f di max (3) dmax denotes the largest session duration that the MT has observed so far, and is used for normalization purposes. 
IV. ARCHITECTURE ANALYSIS
In this section, we describe the proposed architecture, and the algorithms used for the management of network resources. The proposed architecture relies on three basic components ( Fig. 1 ): 1) a path prediction algorithm (PPA), 2) a bargaining mechanism, and 3) a resource management framework. The BS, by keeping statistics on the offered traffic load, updates the lowest acceptable price per unit of bandwidth that an MT has to pay for an advance reservation, CostBs, as discussed in Section III. The MT agent uses the output of the PPA1, in order to determine the most likely BS for the next handover. After valuating the resource (i.e., calculate BenefitMTj for every active session i), the MT commences the bargain with the target BS.
1The analysis and evaluation of PPAs is outside the scope of this work. We assume the use of the PPA reported in [10] . Further discussions on the path prediction issue can be found in [8] , [9] . The bargaining mechanism introduced in this paper is based on the model studied in [12] , i.e., an infinite horizon bargaining model with two-sided uncertainty [13] . The BS is the player that possesses the good (bandwidth), while the MT is the buyer. The players bargain over the price of a bandwidth unit (e.g., 1 Kb/s). Specifically, the MT starts a bargain with the target BS (i.e., the BS that is most probable to be visited in the future), after spending an arbitrary time interval, to, in the current cell2. The BS starts by making expensive offers, but gradually makes his offers more attractive, until the MT accepts to buy, at time tb. Offers are issued every r seconds. Fig. 2 illustrates the discussed process. At time th, the MT executes the anticipated handover. Note that th > tb; in the opposite case, the bargain would be forced to terminate, and the MT would make the handover with no reserved resources in the new BS. This can be observed in the no-gap case [13] , where the trade may not provide gains to the involved players', or if the handover takes place sooner than expected. Notice that, as the importance between different application types may vary for a given user, the MT makes a separate bargain for every different application type (e.g., FTP, voice over IP, streaming video).
In the considered model, both players incur costs when delaying the bargaining conclusion. Such costs express the stress that time places on the players, as the MT may fear that the handover will occur before the agreement, and the BS may worry that the MT will possibly prefer another, more inexpensive, reachable BS that belongs to another network [15] . This situation is modeled by discounting the payoffs of the players in the subsequent rounds according to the factor 3b and 3s (0 <3b, 3s < 1) for the buyer (MT) and the seller (BS), respectively. In the sequential equilibrium of the discussed bargaining game, information (i.e., player valuation) is gradually revealed over time and the rate of revelation depends on the costs of delay. Bargainers expecting larger gains (who therefore are more impatient) reach agreement before those that expect smaller gains [12] .
B. Resource Management Scheme
The successful completion of a bargain implies that the MT and the BS have mutually agreed upon the bandwidth unit price. However, the exact amount of resources that the BS will have to reserve is not a result of the bargain. The MT is free to update the amount of resources that wants to be reserved, before the time of the handover. Specifically, the MT checks continuously, for every application type (for which the bargain has successfully terminated), if the corresponding reservation at the future BS can cover the needs of the active sessions. The resource management component (RMC), which resides on the BS (see Fig. 1 ), gathers all such MT reservation requests, and allocates them resources so as to limit the application session discontinuation probability. Moreover, it tries to maximize the monetary benefit of the BS, subject to the adopted pricing policy, which can be summarized as follows: Therefore, we define (importance) metric ZA, by which requests in QueueA are sorted, as follows:
ZA pi1ti
Note that the transfer of a request to QueueB does not imply that it will be kept there forever; it may be evicted (and inserted back into QueueA) at the occurrence of specific events, e.g., initiation of a new application, or handover of another MT, as will be discussed below.
1) New Application Arrival Event
Consider the situation illustrated in Fig. 4 When a MT issues a new reservation request, this request is inserted into QueueA (see Fig. 3 ). When an amount of bandwidth is released (e.g., a session terminates, or a MT makes a handover to an adjacent cell), the most "important" requests of QueueA are inserted into QueueB, and considered served. The "importance" of a request is determined by two factors: 1) the mutually agreed unit price Pi, for the particular session request i, and 2) the "age" of the request, i.e., the time since the MT entered the current cell (t1), since the older a requests is the sooner the handover is anticipated to take place.
The BS follows the action that yields the higher payoff. If the BS decides to grant access to the new session, it has to expunge requests from QueueB, until sufficient resources are available. However, it is very important to determine which particular requests to evict. The cumulative value of these requests must be minimal. Moreover, the total amount of released resources must be greater than or equal to the resources required by the new session. Lastly, the monetary value of the set must be less than the value of the new session. This is a typical constrained optimization problem, which is formulated as follows: A. Simulation Setup In order to assess the performance of the proposed scheme, we performed a series of simulations. Specifically, we assumed a floor layout covered by 10 BSs, as shown in Fig. 5 . The capacity of each BS (CTotal) was 20,000 units (Kb/s). A line connecting two BSs denotes that the corresponding cells are neighboring. In the simulations, a population of 2,000 MTs was roaming stochastically within the network, which resulted in a heavily loaded and congested network. MT cell residence times follow the generalized Gamma distribution, as in [14] . We also assumed that the PPA manages to correctly identify the next cell with probability 0.8 [10] . With respect to the user traffic characteristics, we assume a simple traffic model with four kinds of applications, namely FTP, HTTP, VoIP, and video. The characteristics of these applications are summarized in Table I We now study the effect of the standard bandwidth unit price per second p on Pn and Ph. The value of p is taken into account by the admission control algorithm described in Section IV.B.2. When p is large, new sessions take priority over the handed over sessions, which means that it is difficult for a handed over session to obtain the required resources. This implies that in the case of failure, the session will try to be admitted, considered as a new session (i.e., it will switch role). This has as a result that it will have to compete with other sessions anticipated to be handed over (over which it has priority). Hence, an increase in p may have an indirect positive impact on Ph. This is depicted in Fig. 7a . Observe that by increasing the value ofp there is a decrease of the application discontinuation probability. However, by further increasing the value of p, the application discontinuation probability increases.
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B. Simulation Results
For the assessment of the proposed scheme, we considered the probability of blocking of a new or a continuing application session, Pn and Ph respectively. Pn is defined as the number of session initiation failures over the number of session initiation attempts, while Ph is the number of discontinued sessions as a result of handovers over the number of application sessions that were subject to handover. Note that the proposed scheme improves the application discontinuation probability, Ph, for all types of applications, whereas, the new application blocking probability, Pr, is higher compared to the conventional scheme (i.e., without proactive reservation). This is anticipated, as a portion of the network resources is used for the handed over sessions, thus, reducing the amount of available resources for new sessions.
From Fig. 7a and Fig. 7b , we may make the following three observations: 1) the effect ofp on probabilities Ph and P, is not monotonic, 2) there is a range of values for which both Ph and P, reach a minimum for the FTP, VoIP, and HTTP applications, and 3) as p increases, Ph and P, converge to the corresponding blocking probabilities of the conventional scheme (see Fig. 6a and Fig. 6b) Simulation results show that the proposed mechanism is capable of reducing the application discontinuation probability compared to the conventional scheme. However, as anticipated, the new application session blocking probability is increased. Moreover, it was shown that the price charged to active sessions affected the performance of the system. For certain values of this price, the session discontinuation probability was minimized. It was also observed that the mechanism favors application sessions with relatively low bandwidth requirements. In the future, we plan to further study the behavior of the proposed scheme, by measuring the effects of uncertainty that exists in such random and unstable environments (e.g., sensitivity analysis on the next BS prediction probability, or the uncertainty regarding the time of the handover). Moreover, we would like to focus our study on how such mechanisms could be applied to other types of network resources besides bandwidth, and provide a unified framework for the proactive management of resources in such mobile and highly volatile environments.
